Two-flap palatoplasty is commonly used to treat cleft palate defects, but only a few reports on outcomes have been published in the literature. We conducted a retrospective analysis of 257 cases of cleft palate treated with two-flap palatoplasty at a single center in Greece over a 13-year period. Our outcomes data included surgical complication rates, the results of speech assessments, midface development, and other parameters. We found a low rate of short-and long-term complications that required revision surgery, such as symptomatic fistula (5.4%) and velopharyngeal insufficiency (5.3%). Speech outcomes in relation to intelligibility, hypernasality, and nasal emissions were satisfactory in 70 to 86% of patients. Dental arch relationships, as estimated by the 5-Year-Olds Index, were judged to be either good or excellent in 62% of those evaluated. A considerable proportion of patients (45%) who had otitis media with effusion experienced a spontaneous resolution without the use of tympanostomy tubes 2 to 8 months after their operation. We conclude that two-flap palatoplasty is an effective procedure that warrants further attention. We describe the surgical technique in detail. Our technique includes a modified intravelar veloplasty that incorporates near-total muscle retropositioning.
Introduction
The primary goal of cleft palate surgery is to achieve separation of the oral and nasal cavities, but more is required. Other goals include construction of a velopharyngeal valving mechanism, development of functional dentition, preservation of midface growth, and maintenance of adequate eustachian tube function. However, achieving all these goals in a single case can be difficult. Several procedures have been described to treat cleft palate deformity over the decades. 1 Useful procedures developed during the past century include von Langenbeck palatoplasty, V-Y pushback palatoplasty, Schweckendiek two-stage repair, Furlow palatoplasty, and two-flap palatoplasty. 2 Several prospective, nonrandomized trials and mostly retrospective reviews have demonstrated the advantages and disadvantages of each of these techniques, but only a few have looked at two-flap palatoplasty. We believe that this procedure, which was first described by Bardach 3 more than 50 years ago, and its modifications 4 deserve greater attention. To that end, we conducted this retrospective study of its effectiveness.
Patients and methods
We conducted a review of all primary two-flap palatoplasties that were performed in the Center for Craniofacial Anomalies at Aghia Sophia Children's Hospital in Athens, Greece, from January 1995 through December 2007. We excluded from our analysis syndromic children with serious mental retardation or other comorbidities that can affect speech development, as well as children who were lost to follow-up shortly after their operation.
A total of 257 children (mean age: 13.5 mo) met our eligibility criteria. Four different surgeons performed the operations.
Surgical technique. All patients underwent two-flap palatoplasty irrespective of the type and severity of their palatal cleft deformity. In general, this technique involves the placement of two posterior mucoperiosteal flaps that extend to the alveolar cleft.
Incisions. After 1 to 2 ml of lidocaine/epinephrine 2% solution is injected into both sides of the palate, an Intravelar veloplasty and closure of the oral lining. The muscles that had been previously transposed are approximated and closed as a separate layer with 3-0 or 4-0 Vicryl. One or preferably two (although this is more demanding) vertical mattress sutures are placed near the junction of the soft and the hard palate, where most fistulas develop, so that all three layers (nasal, muscular, and oral) are included in the suturing. The oral mucosa is then closed in the midline with interrupted 4-0 Vicryl. Finally, the lateral edges of the flaps are tacked to the edges of the palate, and the minimal area of the exposed bone at the edge of the palate can be covered with Surgicel or a similar material. Any bleeding at the edges of the flaps should be controlled with either monopolar suction or bipolar electrocautery.
Postoperatively, patients with no complications remain hospitalized for about 3 days and are given amoxicillin. Water and diluted milk are provided on the evening of surgery or the next day.
Outcomes measure. Follow-up ranged from 12 months to 11 years (mean: 50 mo). Results of the operation are presented regarding short-and long-term complications, speech quality, and maxillary growth.
In terms of complications, specific attention was paid to the rate of fistula development, both symptomatic and asymptomatic ("pinhole"), and to the incidence of velopharyngeal insufficiency.
Speech assessments were performed by a cleft palate surgeon and a speech therapist. Four characteristics of speech were evaluated: intelligibility, nasal emissions, hypernasality, and articulation. The first three of these factors were assessed on a scale of 1 (best) to 5. Articulation was assessed on a 2-point scale as either incision is begun on the edge of the cleft; its placement is influenced by the width of the cleft. In cases of a wide cleft or a case in which the vomer is relatively distant from the edge of the cleft, attention should be paid to ensuring that there is sufficient mucosa on the edge of the cleft so that it can be turned over to create the nasal lining (figure). Lateral incisions are made with a blade or Colorado needle just medial to the dentition, beginning at the incisive foramen and going back to the hamulus.
Palatal flap elevation. The mucoperiosteal flaps are raised, beginning at the lateral and anterior border of the hard palate, with an elevator. These flaps are based on the greater palatine vessels. The neurovascular bundle can be mobilized by blunt dissection and gentle traction. Extensive use of coagulation for hemostasis, extensive traction, and cutting too close to the greater palatine foramen are not recommended.
Muscle retropositioning. With scissors and a #15 blade, the greater part of the velar muscles (the tensor veli palatini and the levator veli palatini) is freed from its abnormal attachment to the hard palate. Typical descriptions of this procedure by its developers have included a complete muscle dissection from the posterior edge of the hard palate. We do not perform a complete dissection. Instead, we leave a few muscle fibers in place to facilitate the closure of the cleft and reduce the incidence of fistula by incorporating this thin layer of muscle tissue into the separation of the oral and nasal cavities. Of course, this is not always possible in cases of atrophied musculature, and the decision to do it is certainly not evidence-based. The objective of the muscle dissection is to retroposition the muscle fibers in the soft palate to create a functional muscle sling. A modification of this step described by Salyer et al incorporates an incision of the tendon of the tensor veli palatini as it hooks around the hamulus (not used in our series). 5 Vomer flaps and closure of the nasal lining. The nasal myomucosal edge of the palate is freed from the palatal shelves with a periosteal elevator. The nasal mucoperiosteum of the vomer is elevated and pulled for midline closure in continuity with the nasal myomucosal edge of the pared palate. In most cases, making this closure is feasible from the anterior edge of the cleft to the adenoid tissue. The nasal lining is sutured to the vomer flaps with either 5-0 Vicryl (in our procedure) or 4-0 polydioxanone (as reported by Salyer et al 5 ). The same suture is used to close the upper (nasal) part of the uvula. The uvula is typically edematous because of manipulations, and care should be taken during its closure not to bend the uvula excessively or decrease its size.
Figure. The broken line indicates the preferred route of incision in a patient with a wide cleft. The solid line indicates the appropriate route of incision in this specific case that will leave a sufficient amount of mucosa available for nasal lining closure.
Two-flap palaToplasTy: DescripTion of The surgical Technique anD reporTing of resulTs aT a single cenTer normal (1) or abnormal (2) . Children who made articulation errors that were not cleft-related were considered normal; for example, a single [w]-for-/r/ substitution error was not considered to be a cleftrelated articulation error.
Interexaminer agreement rates were calculated (kappa statistic). Since multiple speech evaluations had been performed on each child, only those that had been performed by both assessors when each child was about 4 years of age (a total of 59 cases) were included in this analysis.
We also calculated the prevalence of otologic problems, especially in relation to otitis media with effusion. This is of interest because tympanostomy tubes were not routinely inserted during the cleft repair, which is a conventional practice in North America. Tube placement was delayed for 3 months in most children, and even for as long as 8 months in some, mostly for administrative reasons (e.g., overcrowded surgical lists and patients lost to follow-up). In view of concerns over middle ear effusion, otoscopy and tympanometry were performed 3 and 6 months postoperatively.
Finally, we analyzed the results of secondary operations-such as those for velopharyngeal insufficiency and lip repairs-that can provide an indirect assessment of the results of the initial operation. We also considered rehabilitation issues in relation to dental and orthodontic problems, and we evaluated maxillary growth by applying an assessment tool based on the Goslon Yardstick in 170 children aged 4 to 6 years (5-Year-Olds Index). 6 
Results
Complications. In the entire group of 257 patients, there were 14 cases (5.4%) of symptomatic fistula that required an intervention. Five other fistulas were asymptomatic.
Of the 170 children aged 4 to 6 years, 9 (5.3%) experienced a velopharyngeal insufficiency that seriously affected their intelligibility and that could not be improved by speech therapy. These children were offered a surgical correction, mainly by means of a revision palatoplasty.
Other complications included 4 cases of postoperative bleeding, 2 of which required reoperation; 3 cases of severe postoperative breathing disorder that required oxygenation and close follow-up; 1 case of wound dehiscence, which was corrected with a repeat two-flap palatoplasty; and 1 case of flap necrosis, which resolved a few weeks later without any surgical intervention.
Speech outcomes.
Data were compiled on four speech characteristics-intelligibility, hypernasality, nasal emissions, and articulation-and interexaminer agreement rates (table 1) . Satisfactory results (a score of either 1 or 2 on the 5-point scale) in terms of intelligibility, hypernasality, and nasal emissions were seen in 86, 73, and 80% of children, respectively, as judged by the surgeon and in 85, 70, and 81% of children as judged by the speech therapist. Articulation was scored as normal in most children by both evaluators.
Midface development. The 170 patients were classified according to the 5-Year-Olds Index (groups I through V; table 2). Dental arch relationships, as estimated by the Index, were judged to be either good or excellent in 62% of those evaluated. Most patients required dental surveillance and treatment, primarily for caries. The patients in groups III and IV and probably those in group II will eventually require orthodontic treatment.
Other findings. Tympanostomy tube insertion was offered to most of these children during the first few months after their two-flap palatoplasty. However, a considerable proportion of patients (45%) who had otitis media with effusion experienced a spontaneous resolution without the use of tympanostomy tubes 2 to 8 months after their operation.
Discussion
The primary goal of palatoplasty is not just the closure of the cleft, but also the restoration of anatomic relationships in a way that enables normal function of the velopharyngeal mechanism. Although most studies Table 1 . Combined results of speech assessments by 2 examiners (n = 59)
Speech
Median score* (mean; Interexaminer characteristic 95% confidence interval) agreement of two-flap palatoplasty are retrospective, 5, 7, 8 we know that this procedure seems to offer several advantages over other procedures in terms of short-and long-term complication rates; clinical, audiologic, and speech outcomes; and dental arch relationships. Also, this procedure lessens the burden of care because it allows for closure of both the hard and soft palate with only one operation without negatively affecting other outcomes. While there is a learning curve for this procedure, 5 it is probably easier to learn than the Furlow palatoplasty. We do not know whether the surgical modification we used in this series regarding the near-total muscle retropositioning played any role in the rate of fistula development. Nevertheless, our findings are in concordance with those of previous studies that showed a fistula rate of no more than 7%. 5, 7 Low rates of velopharyngeal insufficiency that was severe enough to require surgical repair have also been demonstrated in the few retrospective studies of two-flap palatoplasty. 5, 7, 8 Although the importance of repair at an early age and retropositioning of muscles has not been definitively shown by evidence-based medicine, many anecdotal and accumulative retrospective studies have shown that these two factors are critical to developing palate-related sounds 9 and creating a functional muscle sling. 5, 10 Cleft palate closure around the age of 1 year may allow for palatal speech development and at the same time help avoid the possibility of a negative effect on midface growth. Certainly this is a field that requires further comparison studies of two-flap palatoplasty with other procedures.
Other potential complications of two-flap palatoplasty include dehydration secondary to a lack of appetite and excessive irritability, especially when patients are being cared for postoperatively by inexperienced personnel. These problems can be obviated by proper pain management.
An interesting finding with respect to otologic outcomes in our study was the reduction in otitis media with effusion during the few months after palatal repair. This finding shows the importance of the muscles' integrity in eustachian tube function and/or the anatomic separation of the nasal and buccal cavities via a proper velopharyngeal mechanism. It is true that the speech issues that cleft palate patients have to contend with are a compelling reason to set a low threshold for bilateral myringotomy and tube placement. 11 However, most otitis media guidelines exclude these patients, and a 3-to 4-month wait-and-see approach rather than immediate tube placement might be ethically justified.
Finally, regarding maxillofacial outcomes, there are no studies comparing two-flap palatoplasty with other techniques on the basis of Goslon Yardstick scores or other similar measures. We can only make assumptions based on indirect comparisons of these scores and scores obtained from studies, such as the Eurocleft study, 12 that are designed with a systematic approach to the issue. The satisfactory results of our study-including the relatively low percentage (9.4%) of children with poor or very poor prognoses according to the 5-Year-Olds Index (groups IV and V)-can be attributed to the fact that two-flap palatoplasty does not leave large areas of exposed palatal bone, even in the case of relatively wide clefts Two other advantages of two-flap palatoplasty are its versatility (it can be used to treat a great variety of clefts) and its simplicity for otolaryngologists who are very familiar with the oral anatomy. Still, some details, such as suturing, might require extra time to master; for example, it seems that the use of braided sutures with Group II: Positive overjet with average inclined 61 (36) or proclined incisors. Predicted long-term outcome: good.
Group III: Edge-to-edge bite with average inclined or 49 (29) proclined incisors; reverse overjet with retroclined incisors. Predicted long-term outcome: fair.
Group IV: Reverse overjet with average inclined or 10 (5.9) proclined incisors. Predicted long-term outcome: poor.
Group V: Reverse overjet with proclined incisors; 6 (3.5) bilateral crossbite; poor maxillary arch form and palatal vault anatomy. Predicted long-term outcome: very poor. tapered needles would be an advantage over other means. Moreover, surgical judgment during an operation-for example, estimating midline tension-is imperative and should not be superseded by even the most detailed published descriptions of the technique.
In conclusion, two-flap palatoplasty can be regarded as a relatively safe and effective technique for cleft palate restoration, and it deserves more attention. Future studies should clarify the importance of some of its modifications and provide more evidence of its value by systematically comparing outcomes with those of other techniques used in centers with favorable results.
